INTRODUCTION
============

Since its introduction into medical practice in the early 1980s,[@b1-cln_65p961] extracorporeal shock wave lithotripsy (SWL) has remained the most popular method worldwide for the treatment of urinary stones due to its non‐invasive nature, high degree of efficacy and low incidence of complications.[@b2-cln_65p961] SWL is currently the method of choice for treating renal stones not exceeding 20 mm and upper ureteric stones smaller than 10 mm. According to the literature, the outcome of treatment after SWL is variable due to the close relation between the final result with the stone burden, the existence of various types of lithotripters, different concepts of success and the way patients are evaluated after treatment. Because of these factors, stone‐free rates following SWL vary from 14% to 91%.[@b3-cln_65p961],[@b4-cln_65p961]

Many factors are thought to influence the final results of SWL, including patient selection, stone size, stone location and composition, lithotripter type, experience level of the operator, total shock number, energy delivered, shock frequency and method of shock delivery.[@b5-cln_65p961],[@b6-cln_65p961] In order to improve results, various modifications in the treatment strategy have been introduced, including voltage stepping, reductions in the rate of shock wave delivery, and improvements in analgesic protocols.[@b8-cln_65p961]-[@b12-cln_65p961] Additionally, better selection of candidates for this modality of stone treatment is now employed based on stone size and location, low attenuation coefficients measured by computed tomography and a stone skin distance of less than 10 cm.[@b13-cln_65p961],[@b14-cln_65p961] The improvement in stone fragmentation observed with the reduction in the frequency of shocks per minute was first suggested by Greenstein[@b15-cln_65p961] and has been reported by many in vitro and in vivo studies.[@b5-cln_65p961],[@b8-cln_65p961],[@b9-cln_65p961],[@b16-cln_65p961]-[@b18-cln_65p961] A recent meta‐analysis reported an observed advantage in treatment with 60 impulses per minute when compared to treatment with 120 impulses per minute but comparisons among 60 and 90 impulses per minute have not been performed yet.[@b19-cln_65p961] Additionally, no protocols have evaluated if the reduction in the frequency of shocks can be followed by a reduction in the total number of shocks delivered. Our purpose is to compare two different shock wave regimens to check if the reduction in the frequency of the impulses per minute can also allow a reduction in the total number of impulses delivered without affecting the final result.

PATIENTS AND METHODS
====================

After informed consent, patients with previously untreated renal and ureteric stones were admitted for an initial treatment by SWL between June 2008 and May 2009. Stones smaller or equal to 6 mm were treated only if symptomatic and those bigger than 6mm were treated independently of causing symptoms. Patients were sequentially allocated into two groups; one group received 3000 impulses at a rate of 60 impulses per minute, and the other received 4000 impulses at a rate of 90 impulses per minute. Patients submitted to re‐treatment of the same stone were excluded. All treatments were done using the Dornier Compact Delta lithotripter. Stones were located by x‐ray or ultrasound. Prior to treatment, patients were submitted to laboratory tests and a cardiologic evaluation when indicated. Urinary infections were treated prior to the SWL session. All procedures were performed under general anesthesia. Briefly, Tramadol 1‐2 mg/kg associated to Propofol 2.5‐3.0 mg/kg and scopolamine were employed in the majority of the procedures. Patients received 50‐100 mg of diluted Tramadol and 20 mg of scopolamine just before the beginning of the SWL session and Propofol was maintained on continuous bomb infusion during the treatment and interrupted three minutes before the end of the session. All patients were maintained under spontaneous breathing, and a facial or a laryngeal oxygen mask was used according to the anesthesiologist\'s judgment. The potency of the lithotripter was increased progressively by 300 shocks until reaching the final stage, which occurred at a mean of 1500 shocks. The maximum potency employed was level 4 (equivalent to 14 kV) for renal stones and level 6 (16 kV) for ureteric stones.

All patients were treated on an outpatient basis and were discharged from the hospital six hours after treatment. All patients received non‐steroidal anti‐inflammatory drugs (NSAIDs) and Dipyrone in combination with Hyoscine for three days postoperatively unless contraindicated and were instructed to come to the emergency department in case of severe pain, fever or hematuria.

The final results for each patient were assessed with a kidney and urinary bladder scan (KUB) plus an abdominal ultrasound three months after the procedure. Success was defined as stone‐free status or the detection of residual fragments ≤ 3 mm on final evaluation. Partial fragmentation was considered to have occurred if a significant reduction in the stone burden was observed but residual fragments bigger than 3 mm remained.

We evaluated overall stone‐free rates, the incidence of unchanged stones and the occurrence of partial fragmentation as well as the occurrence of significant complications in both groups.

The sample size required was based on the assumption that the estimated success rate would be 70% in the 3000 impulses at 60 impulses per minute group and 50% in the 4000 impulses at 90 impulses per minute group, with a type I error of 0.05 and a type II error of 0.05 (power of 80%).[@b8-cln_65p961],[@b9-cln_65p961] This yielded a projected sample size of 93 stones in each group.

Data were analyzed using the Fisher\'s exact, Chi‐square and Mann‐Whitney tests; a level of significance of 5% was adopted.

This study was approved by the committee of ethics of the University of São Paulo Medical School (number 1183/06).

RESULTS
=======

A total of 331 procedures were performed in 302 patients. Thirty‐one patients were lost to follow‐up; thus, 300 procedures in 271 patients were included in the final analysis (24 patients presented with two different stones and two patients presented with three stones). Nine patients were children (age under or equal to sixteen years‐old). A total of 3000 impulses at a rate of 60 impulses per minute were administered to 143 patients and 157 patients received 4000 impulses at a rate of 90 impulses per minute. Patient and stone characteristics are shown in [Table 1](#t1-cln_65p961){ref-type="table"}.

The overall stone‐free rate was 53.1% for patients treated at 60 impulses per minute and 54.8% for those treated at 90 impulses per minute (p =  0.603). The stone‐free rate for patients with stones smaller than 10 mm was 60% for those treated with 60 impulses per minute and 58.6% for those treated with 90 impulses per minute (p = 0.743). For stones bigger than 10 mm, the stone‐free rates were 34.2% and 45.7%, respectively (p = 0.483). Results are summarized in [Table 2](#t2-cln_65p961){ref-type="table"}.

Results according to stone location were grouped into three main stone locations: lower pole stones, pelvic plus upper and medium calyx stones and ureteric stones. No differences were found between the two groups regarding stone location. The results are shown in [Table 3](#t3-cln_65p961){ref-type="table"}.

Complications were observed in 17 procedures (5.6%) and were similar in both groups. Pain requiring hospitalization and steinstrasse were each observed in five patients. In one case of steinstrasse, ureteroscopy was necessary to remove the fragments. One patient developed extreme somnolence due to the anesthetic procedure; this patient was maintained in the recovery room until the next day and then discharged home. Complications are shown in [Table 4](#t4-cln_65p961){ref-type="table"}.

DISCUSSION
==========

Shock wave lithotripsy has been the main method used to treat urinary stones since 1980. It is estimated that about 70% of all symptomatic upper urinary stones are treated with SWL, but it is also true that approximately 50% of the patients treated with this modality do not clear their stone burdens.[@b19-cln_65p961]-[@b21-cln_65p961] In the original HM3 lithotripter (Dornier Medtech, Germany), administration of spinal or general anesthesia was necessary due to the instrument\'s potency and broad focal zone. More recent generations of lithotripters are less potent and have a smaller focal zone, resulting in less painful treatments that require less analgesia. Nevertheless, the efficacy of treatment with these newer devices is significantly lower when compared to the HM3.[@b22-cln_65p961],[@b23-cln_65p961]

The most recent measures introduced to improve the results of SWL include dose escalation, reducing the number of shocks per minute, performing the procedure under more efficient analgesia and limiting the procedure to smaller, less dense stones and those located at a distance of less than 10 cm from the lumbar skin.[@b3-cln_65p961]-[@b6-cln_65p961],[@b8-cln_65p961]-[@b12-cln_65p961] In spite of these efforts, SWL results remain poor in lower pole stones and stones bigger than 20 mm.

Fragmentation of the stone during SWL occurs due to the compressive forces of the waves as well as spalling and cavitation effects.[@b5-cln_65p961],[@b7-cln_65p961] Air bubbles form as a result of changes in pressure caused by the waves. The bubbles that are not reflected by the stone decrease the shock wave energy by spreading and absorbing it. For this reason, less of the energy load is present when the next wave arrives. As the frequency of the lithotripter increases, there is less time for these bubbles to spread, and they form bubble piles by joining with each other as described by Huber and Zeman.[@b23-cln_65p961]-[@b25-cln_65p961] Because of this effect, slowing the shock wave rate would allow bubbles to dissipate and erode the stone before the arrival of new bubbles with a new shock wave, thus facilitating stone fragmentation.[@b18-cln_65p961],[@b23-cln_65p961] In vitro and animal studies have shown that reducing the frequency of shocks increased the efficiency of SWL and that the ideal frequency for effective fragmentation was 60 shocks per minute.[@b15-cln_65p961],[@b17-cln_65p961]

In the clinical setting, Yilmaz et al.[@b5-cln_65p961] compared patients receiving 120, 90 and 60 impulses per minute and found that the fragmentation rates were similar between 60 and 90 impulses per minute and both were superior to 120 impulses per minute. They conclude that 90 impulses per minute was the most appropriate regimen given the observed fragmentation rates and the duration of treatment.[@b5-cln_65p961] Madbouly prospectively compared patients treated with 120 and 60 impulses per minute and found a statistically significant difference favoring patients treated with 60 impulses per minute even though the slower‐rate treatment resulted in a considerably longer procedure.[@b18-cln_65p961] Semins performed a meta‐analysis evaluating randomized and controlled studies comparing the outcome of SWL performed at 120 impulses per minute to those performed at 60 impulses per minute and found a significant difference favoring 60 impulses per minute.[@b19-cln_65p961] More recently, Honey et al. performed a multicentric and randomized study showing that reducing the frequency from 120 impulses to 60 impulses per minute resulted in an increase in stone‐free patients from 48.8% to 64.9% in upper ureteric stones.[@b26-cln_65p961] Koo et al. prospectively compared treatment with 70 versus 100 impulses in patients with renal radio‐opaque stones who were treated with no sedation or anesthesia and found an improvement in the stone‐free rate from 25.5% to 67% and a reduction in costs by half.[@b27-cln_65p961] Kimura et al. compared 120 impulses per minute with 90 impulses per minute and found a significant improvement in stone‐free rates only for ureteric stones.[@b28-cln_65p961] In contrast, Kato et al. showed that a slow rate of 60 impulses per minute compared to 120 impulses per minute improved the stone fragmentation rate after one session from 47% to 65% but did not increase the final success rate after three months.[@b29-cln_65p961] We can conclude that fragmentation rates are greater at a slower‐rate regimen but controversies still exist regarding the final results. Herein, we compared two different regimens of SWL in order to evaluate the possibility of reducing the frequency and total number of shocks while maintaining the same results without significantly increasing the duration of the treatment. We aimed not only a comparison of two different frequencies of impulses but of two different protocols of treatment by SWL.

We did not find a clear advantage to reducing the frequency of impulses from 90 to 60 in terms of patients free of stones at a three‐month follow‐up neither for stones bigger than 10 mm, as stated by Pace et al.[@b8-cln_65p961] Additionally the stone‐free rate was higher among ureteric stones in patients treated at 90 impulses per minute. Probably a significant difference was not reached due to the small number of ureteric stones treated. The stone‐free rate in lower pole stones did not differ significantly between the two groups and was higher than the average reported in the literature. One possible explanation for this result is the improvement in analgesia and also the variability in results found among different lithotripters and treatment protocols.

The complication rate was low and similar in both groups. We were surprised by the fact that the stone‐free rate for lower pole stones was the same as for stones in other locations of the kidney opposing the current literature. One interpretation of this result is that ultrasonography and KUB are not as accurate as helical CT. This has been a problem regarding studies on SWL: lithotripters are different and have diverse performances; thus, the method of treatment (number of shocks, type of analgesia, patient positioning) and of final evaluation of results varies tremendously, resulting in different and frequently confusing results. We have been performing SWL under general anesthesia since 2006 and we noted that this procedure is safe and causes much less suffering in patients when compared to our previous protocol, which employed intravenous narcotics in combination with NSAIDs. The procedure is much easier for the medical team to perform as patients do not move on the table and deep breathing incursions do not occur. The increase in costs with this regimen is balanced out by the smaller number of re‐treatments (unpublished data).

Unfortunately, we did not perform helical tomography to evaluate the final results of the treatment what would have been. We are not currently able to afford the increase in costs generated by the inclusion of non‐contrast CT in our protocol. Additionally, the amount of radiation delivered to patients would be high as many of the patients present with multiple small stones or form new stones throughout their follow‐up. Consequently, they are submitted to multiple sessions of SWL and performing a CT after each session would be harmful. Thus, all patients were submitted to KUB and ultrasound, which provide an acceptable level of accuracy for the assessment of final results.

**Conclusion:** This comparison of two different regimens of SWL using 3000 shocks at a rate of 60 impulses per minute and 4000 shocks at 90 impulses per minute showed similar stone‐free rates at a three‐month evaluation. Significant complication rates were low and similar in both groups.

###### 

Patient and stone characteristics.

                                   60 impulses/ min (143 procedures) N   90 impulses/min (157 procedures) N           
  -------------------------------- ------------------------------------- ------------------------------------ ------- -------
  Gender: male/female              57/74                                                                      59/81   
  Age: range/ median (years)       10‐82                                 49                                   6‐82    49
  Stone side: left/right           69/74                                                                      78/79   
  Stones smaller than 10 mm        105                                   73.4                                 111     70.7
  Stones bigger than 10 mm         38                                    26.6                                 46      29.3
  Stone size: range/ median (mm)   4‐22                                  8                                    4‐18    9
  Medium calyx stones              38                                    26.6%                                50      31.8%
  Upper pole stones                26                                    18.2%                                27      17.2%
  Renal pelvis stones              18                                    12.6%                                18      11.5%
  Lower pole stones                39                                    27.3%                                38      24.2%
  Ureteral stones                  22                                    15.6%                                24      15.2%

###### 

Stone fragmentation after SWL according to stone burden.

  Stone burden                                                        60 impulses per minute   90 impulses per minute   p              
  --------------------------------- --------------------------------- ------------------------ ------------------------ ------ ------- --
  Overall                           Stone‐free                        76                       53.1                     86     54.8    
                                    Unchanged or residual fragments   67                       46.8                     71     45.2    
  Less than 10 mm n = 216           Stone‐free                        63                       60                       65     58.6    
  Unchanged or residual fragments   42                                40                       46                       41.4   0.743   
  More than 10 mm n = 84            Stone‐free                        13                       34.2                     21     45.7    
  Unchanged or residual fragments   25                                65.8                     25                       54.3   0.483   

###### 

Stone fragmentation after SWL according to stone location.

  Stone location                                               60 impulses per minute   90 impulses per minute   p              
  ----------------------------------------------- ------------ ------------------------ ------------------------ ------ ------- --
  Medium, upper pole and pelvic stones n =  177   Stone‐free   47                       57.3                     49     51.6    
  Unchanged or residual fragments                 35           42.7                     46                       48.4   0.570   
  Lower pole stones n =  77                       Stone‐free   19                       48.7                     20     52.6    
  Unchanged or residual fragments                 20           51.3                     18                       47.4   0.259   
  Ureteric stones n =  46                         Stone‐free   10                       45.5                     17     70.3    
  Unchanged or residual fragments                 12           54.5                     7                        29.1   0.190   

###### 

Complications after SWL.

  Complication   60 impulses per minute   90 impulses per minute   Total              
  -------------- ------------------------ ------------------------ ------- ----- ---- -----
  Pain           3                        1.0                      2       0.7   5    1.7
  Steinstrasse   2                        0.7                      3       1.0   5    1.7
  Febrile UTI    1                        0.3                      3       1.0   4    1.3
  Bacteremia     1                        0.3                      0       0     1    0.3
  Hematuria      0                        0                        1       0.3   1    0.3
  Somnolence     0                        0                        1       0.3   1    0.3
  Total          7                        2.3                      10      3.3   17   5.6
